Manzamines have been reported to show a number of significant biological activities including insecticidal, 1) cytotoxicity, 2) antibacterial, 3) anti-HIV-I, 4) anti-infective, 5) antiAlzheimer diseases, 6) and anti-malarial activity. 7) Manzamine A · HCl (6) was first isolated from the marine sponge Haliclona sp. as an antitumor alkaloid by Higa's group.
as free base forms, together with three known manzamine alkaloids manzamine E (3), 10) manzamine F (4), 10) and manzamine X (5) 11) from an Okinawan marine sponge Acanthostrongylophora aff. ingens.
1 H-and 13 C-NMR spectra of 1 and 2 were quite different from the reported data. We investigated their structure determination by using 2D-NMR extensively. This paper reports the isolation, structural elucidation and neuritogenic activity against mouse neurobrastoma cell lines (Neuro 2a) of these manzamine-class alkaloids.
The Et 2 O soluble fraction obtained from the EtOH extract of a Japanese marine sponge, A. ingens collected at Hedo Peninsula, Okinawa showed neuritogenic activity against Neuro 2a. Bioassay guided separation of the active fraction by Sephadex LH-20 and silica gel chromatography to give two active alkaloids manzamine A (1) and 8-hydroxymanzamine A (2) together with three known alkaloids manzamine E (3), manzamine F (4), and manzamine X (5) (Chart 1).
Manzamine A (1) was obtained as a yellow solid, positive to Dragendorff reagent. The EI-MS showed a molecular ion peak at m/z 548, and the molecular formula was determined as C 36 H 44 N 4 O [MϩH] ϩ from the HR-ESI-MS. The UV spectral showed characteristic absorbance of the b-carboline chromophore at 219, 237, 279, 347, and 357 nm. On the basis of 1D-NMR and COSY, TOCSY, HSQC, HMBC, and HSQC-TOCSY spectral data, 1 consists of a b-carboline substituent, two six-membered rings, a 13-membered macrocycle consisting of a chain of nine carbon atoms bridging two six-membered rings, and an eight-numbered ring. It has been suggested that 1 has the same planar structure as manzamine A · HCl (6) (Fig. 1 ). The comparison of 1 H-and (Tables 1, 2 ). Since 1 was thought to be a stereo-, or conformational isomer of 6, the ROESY and NOESY spectral data of 1 and 6 were analyzed in depth. In the NOESY spectrum of 6, characteristic NOE correlations were observed from H-34 ( Structures were refined by performing an optimized geometry calculation in MOPAC using PM3 (CAChe) with a crystal structure of 6 as an initial conformation. to 1 in the molecular formula of 2 pointed toward a phenolic hydroxyl. 1 H-and 13 C-NMR spectral data of 2 were differed from 1 only in the carbocyclic ring of the b-carboline moiety, and the NMR chemical shifts of this moiety were a good agreement of 8-hydroxymanzamine A · HCl (7) as shown in Tables 1 and 2 . Accordingly, compound 2 was identified as a free base form of 8-hydroxymanzamine A.
Compounds (1) (2) (3) (4) (5) were tested for evaluation of their ability to induce neurite outgrowth against Neuro 2a at the concentration of 1.0 mM for 48 and 72 h treatments. The results are shown in Fig. 3. After 48 h treatment, compounds 1, 3 , and 4 showed moderate neuritogenic activity, and after 72 h, almost all compounds except for 5 showed the activity about two times stronger than that of the control. Their cytotoxic effect against Neuro 2a and human acute promyelotic cells (HL-60) was also evaluated, and the results are shown in Table 3 . Compounds 1, 2, and 3 showed cytotoxicity against both cell lines, and their IC 50 values were under 10 mM.
To our knowledge, this is the first report about the isolation of a free base form manzamine A. The NMR chemical shifts of free base forms and hydrochloric salts were quite different, and the NMR chemical shifts of free base form manzamines were similar to manzamine B 12) and ircinal B, 13) which lacked the C-N bond reductively common to the 5-and 8-membered rings. We used the eluting solvent containing 0.5% diethylamine for the final separation, so that it is speculated that the hydrochloric salt is converted to a free base form. A free base form manzamine A was easily converted to hydrochloric salt in HCl containing solvent. Treatment of manzamine A displays a predominantly bipolar morphology against Neuro 2a in the same way as lactacystin-induced neurite outgrowth.
14,15) Lactacystin enhances the intracellular cAMP level transiently, and inhibits cell cycle progression. Furthermore, an analog of manzamine alkaloids delayed cell cycle progression at mitosis, 16) so the neuritogenic activity of manzamines may be caused by the same mechanism of lactacystin.
Experimental
UV spectra were recorded on a JASCO U-best 30 spectrometer. IR spectra were recorded on a JASCO FT/IR-410 spectrometer. 1, 2, 3, 4, and 5 Neuritogenic Activity Assay Neuro 2a cells were grown in Dulbecco's modified essential medium (DMEM) with 10% FBS. The cells were kept in an incubator at 37°C with 5% CO 2 . The cells were plated on 24-well plates at a density of 1ϫ10 4 /ml per well. Testing samples of 50 ml of an ethanol solution were added to each well. After 48 and 72 h incubation, morphological changes in the cells were observed under a phase contrast microscope. The cells processed longer than the diameter of the cell body were evaluated as neurite-bearing cells. The percentage of the cells with neurites in a particular culture was determined by counting 100 cells at least in the photomicrographs of the areas where the cell density was representative.
